ABSTRACT In 12.2 molal Nal and at 250C or below, mRNA bound to nitrocellulose while DNA and rRNA did not. Neither the poly(A) tract nor the cap were required for binding. The immobilized RNA could be translated, reverse transcribed, hybridized with radioactive probes, or released for further manipulation. mRNA was efficiently transferred from polyacrylamide to nitrocellulose in Nal. Baking was not required to fix Nal-immobilized mRNA to nitrocellulose. When cells dissolved in 12.2 molal Nal were filtered through nitrocellulose, mRNA became selectively bound (quickblot). The quick-blot system utilizing protease and detergents to prepare cells for NaI solubilization was especially suitable in quantitative, rapid screening of cells for expression of specific genes. Expression of highly repeated DNA sequences was detected in human leukemia cells.
The immobilization of DNA on nitrocellulose (NC), either from pure nucleic acids or from partially solubilized cells or viruses, has had a significant impact on molecular biology. The immobilization of RNA has lagged far behind. Initially, it was suspected that RNA would not interact with NC in NaCl solutions (1, 2) , but Guroff discovered that the poly(A) tract of eukaryotic mRNA would interact with NC or with impurities in NC (3) . Later, Thomas demonstrated the immobilization of denatured RNA on NC in very concentrated NaCl solutions (4) . Most recently, White and Bancroft (5) adapted the Thomas technique to cytoplasmic extracts. Other supports for immobilizing RNA also have been described (ref. 6 ; see also references cited in ref. 7) , but these lack the convenience and reliability of NC. All RNA immobilization systems described so far are really systems for immobilizing macromolecules, including RNA. Consequently, these techniques when applied to cell extracts suffer from the simultaneous immobilization of DNA and protein (8) .
We report here a system for the selective immobilization of mRNA on NC using concentrated NaI. The system is quantitative and specific for mRNA and has been applied for direct RNA immobilization from NaT-dissolved cells. The immobilized mRNA served efficiently as a template for protein synthesis, DNA synthesis, and molecular hybridization, and it could be released from the filter for further manipulation.
METHODS
Solutions. All solutions were treated with diethyl oxydiformate, except for solutions containing Nal or proteins. After adding diethyl oxydiformate to 0.01-0.1%, the solution was shaken vigorously for 30 min at 25°C or 15 min at 37°C and then the diethyl oxydiformate was destroyed by autoclaving. Vanadyl nucleosides (VN) were prepared as described by Berger and Birkenmeier (9) . Hybridization buffer contained 50% formamide, 6x Na/Cit (lx Na/Cit = 0.15 M NaCl/0. 015 M Na citrate, pH 7.0), and 1% NaDodSO4. Prehybridization buffer contained 6x Na/Cit, 0.2% polyvinylpyrrolidone, 0.2% Ficoll, 1% NaDodSO4, 10 (10) . Mononuclear blood cells were removed from Ficoll, diluted with Pi/NaCl/cyclohexamide/VN, pelleted as above, suspended in Pi/NaCl/cyclohexamide/VN, and counted with a hemocytometer. Quick Blot. One-tenth volume of self-digested Pronase B (10 mg/ml) (2) (Calbiochem) or freshly made proteinase K (2 mg/ ml) was added, and the mixture was incubated for 10-30 min at 37°C. One-twentieth volume of 10% Brij-35 was added to the prepared cells (up to 107 cells per ml) and mixed, and then 1/20th vol of 10% sodium deoxycholate was added (8) . The preparation was mixed and incubated on ice for 5 min. Supersaturated NaI (0.813 vol) was added, and dilutions were made into saturated NaI. The lysate and dilutions were passed at 250C through NC (Schleicher and Schuell) that had been soaked in H20 followed by 6x Na/Cit (8) . The filter was held in a Schleicher and Schuell Minifold. The RNA-NC was soaked in H20, then in 70% (vol/vol) ethanol in H20, and finally in acetic anhydride solution (8) . The RNA-NC filters were stored damp or air-dried. The filters were not baked (8, 11) .
To load RNA onto NC from more concentrated cell suspen- 8.4 , and suspended at 107 cells per ml in 10 mM Tris-HCI (pH 8.4) containing 140 mM NaCl, 5 mM MgCl2, 1.5 mg of tRNA per ml, 2 mM dithiothreitol, 1 mM hydroxystilbamidine isothyamine (Merrell), and 0.5 mM aurin tricarboxylic acid (Sigma). Nonidet P-40 (1/10 vol of a 10% solution) was added, and the suspension was mixed for 10 sec, incubated 5 min on ice, and centrifuged at 12,000 X g for 10 min to remove nuclei. Brij 35 and sodium deoxycholate were added to the supernatant to 0.5%. Nucleic acids were extracted with phenol/chloroform and precipitated from ethanol. Immediately before use, poly(A)+ RNA was purified by three cycles of chromatography on oligo(dT)-cellulose.
In Vitro Modification of RNA. Rabbit globin mRNA was decapped and 5' labeled with 32P as described by Shinski et The interaction between NC and poly(A)+ RNA in NaI did not require a long 3'-terminal poly(A) tract and apparently did not require a 5'-terminal cap structure because, when both of these structures were removed, 90% of the derivatized RNA could still be bound to NC (Table 4 ). The decapped, deadenylylated RNA was resistant to washes with H20 or NaCl (not shown).
Further evidence for a lack of requirement for intact termini for binding of mRNA to NC in NaT is provided in Fig. 1 . Globin mRNA was decapped and then was labeled with 32P. Half of the labeled mRNA was deadenylylated. Adenylylated and deadenylylated 5'-labeled mRNA was subjected to electrophoresis in 5% polyacrylamide. After electrophoresis the gel was radioautographed, and then the mRNA was transferred to NC in NaI. The gel, the NC, and each of the damp blotting papers above the NC were radioautographed. In this experiment, radioautographs of the NC after transfer and of the gel prior to transfer were identical. Radioautographs of the gel after transfer and of the damp blotting above the NC were blank. In other exper- iments, up to half of the RNA remained behind in the gel. The percentage of RNA transferred was proportional to the amount of NaI solution that transversed the gel, 10 ml of solution per ml of gel being required for complete transfer. Translation and Reverse Transcription of Purified, NaT-Immobilized RNA. The immobilized mRNA could be efficiently translated. Fig. 2A shows an electrophoretic analysis of polypeptides synthesized in response to Nal-immobilized globin mRNA. Globin mRNA (0.5 jzg) was immobilized on 2-mm NC circles, and the circles were incubated in a protein-synthesizing system as detailed. Over 600,000 cpm of [asS]methionine was incorporated into acid-insoluble material, a value comparable to protein synthesis in response to dissolved RNA. The major polypeptide synthesized had the electrophoretic mobility expected of a hemoglobin subunit (arrow pointing left). The origin of the polypeptides of unexpected electrophoretic mobility is not known but is a characteristic of the rabbit reticulocyte system.
The immobilized mRNA could be reverse-transcribed with an efficiency equal to reverse transcription of dissolved RNA. The electrophoretic mobility of cDNA synthesized in response to immobilized globin mRNA was the same as that of cDNA synthesized in response to dissolved globin mRNA (Fig. 2B , arrow pointing right). The electrophoretic mobility observed was that expected of full-length transcripts.
Reverse transcripts of immobilized RNA were removed from the filter for electrophoretic analysis in two ways. They were eluted with pure formamide, diluted with 10 vol of 0.25 M sodium acetate, and precipitated repeatedly from ethanol. Alternatively, the transcript-bearing filters were placed directly over the gel, surrounded with pure formamide, and immediately subjected to electrophoresis.
Quick-Blot for mRNA. Cells can be solubilized in Nal, and, 'by filtering the extract through NC at high temperatures, denatured DNA can be selectively immobilized on the membrane lated, and then analyzed by electrophoresis through 10% polyacrylamide. Darkening in the lower part of the figure was from an adjacent 32P-labeled sample. (B) Reverse transcription. Globin mRNA (0.5 ug) was immobilized on NC, reverse -transcribed, and analyzed-by electrophoresis through 3.5% polyacrylamide. Lanes: 1 and 6, total products of reverse transcription on a blank filter; 2, EtOH-precipitable radioactivity from reverse transcription on a blank filter; 3, total products of reverse transcription on an RNA-filter; 4, EtOH-precipitable material released from.RNA-filter duringreverse transcription; 5, EtOHprecipitable material released from RNA-filter by formamide after reverse transcription. deoxycholate, and Nal as described, then serially diluted 1:10, and filtered through BA85 NC. The filter was hybridized at 420C for 17 hr with 106 cpm of the T22 rasH probe per ml, washed, and radioautographed for 90 min.-Columns: 1, Quick-blot procedure was used; 2, cells were incubated with RNase A and T1 and then quick-blot was used; 3, cells were treated with protease K (see Methods) and then quick-blot was used; 4, cells were treated with freeze/thaw cycles and protease, and the digest was saturated with Nal, heated to 90'C for 10 min, and then filtered hot through NC.
This protocol causes selective DNA immobilization (8) . (B) Gene expression in human leukemic cells. Mononuclear cells from patient Wily were processed for the quick-blot procedure and hybridized as described for Table 5 . Probes for mRNA in columns: 1, X; 2, Blur 8; 3, Kirsten sarcoma virus; 4, feline sarcoma virus. To accommodate all probes (see Table 5 ), RNA dots were halved.
(iii) solubilization of cellular components with Nal, and (iv) filtration of the resultant solution through NC. The effect of each of these steps on mRNA, DNA, rRNA, and protein immobilization has been described (8) .
A reconstruction experiment was performed to establish the quantity of cellular material that could be handled with the quickblot method. Labeled and purified poly(A)+ RNA from HeLa cells was mixed with cells and taken through the quick-blot protocol, and the filters were analyzed for radioactivity. Table 3 shows that mRNA could be quantitatively immobilized on NC 
Immobilized RNA was hybridized to the indicated probes (106 cpm/ml) in hybridization buffer at 420C for 17 hr. Radioautography was for 10 hr. Results were scored subjectively from strong hybridization response (+ + +) to no hybridization response (-) (see Fig. 3B for example). (T)M, poly(T); pBR, pBR322; A, A phage; Blur8, clone Blur8 representative ofAlu family; K1, K2, and K3, gel-purified 1,200-base-pair (bp), 1,500-bp, and 1,800-bpf r ents, respectively, derived from Kpn I-digested human DNA (15); X, 340-bp Xba I human satellite (15) ; Satt, collection of all human satellites purified on Nal gradients (16) (Table 3) , then subsequently analyzed on polyacrylamide gels, translated into protein, and reverse-transcribed (not shown).
The standard quick-blot technique followed by molecular hybridization readily detected expression from a single copy gene by using 103 or more cells (Fig. 3A) . The protease step was essential for obtaining a molecular hybridization signal from large numbers of cells (Fig. 3A, column 3) . The (8) . Moreover, the baking step renders the RNA biologically inactive in terms of translation and reverse transcription.
